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SYNTHESIS  AND  CHARACTERIZATION  OF  METALLQ-ORGANIC 
CONDUCTING  MATERIALS  WITH  TETRAAZANNULENES 


William  E.  Hatfield 

Department  of  Chemistry 
University  of  North  Carolina 
Chapel  Hill,  North  Carolina  27514 


INTRODUCTION 

Intensive  research  activities  in  university,  industrial  and 
national  research  laboratories  on  mixed  valence  organic  and  metallo- 
organic  compounds  have  led  to  insights  into  the  chemical  and  struc¬ 
tural  features  which  determine  such  physical  properties  as  magne¬ 
tic  behavior  and  electrical  conductivities.*-  The  aim  of  the  re¬ 
search  is  the  production  of  new  materials  with  properties  which 
may  be  exploited  in  technological  applications,  with  the  expected 
dividends  being  the  discovery  of  new  phenomena,  the  invention  of 
new  experimental  methods,  and  the  development  of  new  theoretical 
models.  The  recent  observation^  of  superconductivity  in  bis(tetra- 
methylt et raselenaf ulvalene)  hexaf luorophosphate,  (TMTSF^PFfc,  pro¬ 
vides  an  excellent  example  of  the  successes  which  may  be  expected 
as  this  research  area  is  expanded  and  developed. 

An  X-ray  structural  study-*  has  shown  that  the  nickel  complex 
of  the  ligand  (4 , 11-dihydro-d ibenzo [b, i] [ 1 , 4,8 , 11 ] t et raaza [14 ]annu- 
lene  Ni(dli-TAA),  is  essentially  planar,  and  that  the  molecules 
pack  in  slipped  stacks  in  the  solid  state.  Even  though  the  slipped 
nature  of  the  stacks  resultsDin  a  long  nickel -nickel  distance  in 
adjacent  molecules  of  5.228  A,  the  interplanar  separations  be¬ 
tween  crystal lographical ly  inequivalent  molecules  are  3.235  and 
3.295  A.  These  distances  are  slightly  shorter  than  the  3.35  A  in¬ 
ter  planar  separation  in  graphite  and  permit  extensive  ti  — ti  inter¬ 
actions  between  adjacent  molecules,  thus  making  partially  oxidized 
analogues  good  candidates  for  systematic  studies  of  structural  and 
chemical  effect.*;  on  electrical  conductivities. 


This  paper  presents  a  brief  survey  of  research  on  mixed  ya- 
lence  tetraazaannulene  complexes  which  is  underway  in  our  labora¬ 
tory.  As  noted  in  the  reference  citations  ouch  of  this  work  is 
being  carried  out  in  collaboration  with  research  groups  at  the 
University  of  North  Carolina  and  at  Texas  A  &  M  Uniyersity. 

Systems  to  be  discussed  in  this  Symposium  Article  include  a  series 
of  macrocyclic  tetraazaannulene  complexes  with  Cu2+,  Ni2+,  Co2  , 
Pd2+,  and  Pt2+  and  their  partially  oxidized  reaction  products. 

These  complexes  will  be  designated  as  M(dB-TAA)  in  the  following 
sections.  As  will  be  shown  the  electrical  conductivities  and 
activation  energies  of  some  of  these  compounds  approach  those  of 
the  partially  oxidized  metallo-phthalocyanines  which  exhibit  metal¬ 
like  temperature  deoendencies  of  0,  and  of  the  partially  oxidized 
metalloporphyr ins . 

EXPERIMENTAL  SECTION 

Synthetic  Procedures.  -  Complexes  of  copper (II),  nickel (II), 
cobalt (II),  palladium (I I),  and  platinum(II)  with  the  tetraazaannu¬ 
lene  were  prepared^*  in  good  yield  by  an  initial  reaction  of  a  met¬ 
al  salt  (the  acetate  in  the  case  of  copper(II),  nickel(II),  and 
cobalt  (II) ;  K2PdCl/,;  or  K2PtCl4)  with  o-phenylenediamene  in  ethy¬ 
lene  glycol,  followed  by  addition  of  Na  C3H3O2  .  The  reaction 
mixtures  thus  obtained  were  stirred  at  reflux  for  5  hours,  cooled 
to  room  temperature,  and  the  products  collected  by  filtration. 

The  crude  products  were  washed  with  ethanol,  acetone,  and  diethyl 
ether,  and  air  dried.  Highly  purified  samples  were  obtained  by 
vacuum  sublimation  (350°C;  0.005  mm  Hg) .  Analytical  data  for  car¬ 
bon,  hydrogen,  and  nitrogen  on  the  metallocycles  differed  from  the 
calculated  values  by  less  than  0.03Z  in  all  cases. 

Oxidation  with  Iodine.  -  After  refluxing  for  16  hours  in  chlo¬ 
robenzene  in  the  presence  of  an  Initial  ten-fold  excess  of  iodine, 
Pd(dB-TAA)  yields  Pd(dB-TAA)I2to*  The  mixed  valence  compounds 
Pt (dB-TAA) T 1  and  Pt (dB-TAA) { . 5  result  from  heating  Pt(dB-TAA) 
in  1,2,4-trichlorobenzene  at  200®C  in  the  presence  of  a  ten-fold  ex¬ 
cess  of  iodine  for  16  and  24  hours,  respectively.  The  resonance 
Raman  spectra  of  these  materials  using  488  nm  excitation  exhibited 
bands  at  105-11^  cm-1  with  overtones  near  210  cm  ,  values  which  are 
consistent  with  the  presence  of  polyiodide  counterions.  Attempts 
to  obtain  single  crystals  for  structural  and  conductivity  studies 
arc*  underway . 

Electrical  Conductivities.  -  Electrical  conductivities  of 
pressed  pellet  samples  were  determined  by  a  four  probe  d.c.  method 
using  the  van  dor  Pauw  technique.  The  pellets,  which  were  1.3  cm 
in  diameter  .and  approximately  0.2  cm  thick,  were  compacted  using 
a  Beckman  KBr  die  and  a  ring  press  operated  routinely  at  ten  tons 


of  pressure.  A  Keithley  Model  227  constant  current  source,  which 
was  operated  typically  at  10  pamp,  and  a  Keithley  Model  180  nana- 
voltmeter  were  used  to  measure  the  electrical  conduction  properties. 
Electrical  contacts  were  made  with  silver  paste.  Pellets  which  did 
not  provide  ohmic  characteristics  were  rejected.  Activation  ener¬ 
gies  were  determined  from  temperature  variation  studies  of  the  elec¬ 
trical  conductivities  in  the  range  77  to  300  K  using  a  glass  Dewar 
equipped  with  a  sample  holder  which  was  fitted  with  resistance 
heater  and  temperature  sensors.  Temperatures  were  measured  with  a 
calibrated  platinum  resistance  therometer.  Measurements  were  made 
in  an  isothermal  mode  provided  by  the  resistance  heater,  radiation 
heat  leak  to  the  cryogen,  and  a  Lake  Shore  Cryotronics  Model  DTC- 
500  temperature  controller.  Room  temperature  conductivities  and 
activation  energies,  where  available,  are  summarized  in  Table  I 
where  it  may  be  seen  that  partial  oxidation  of  the  macrocyclic  com- 
P1  exes  leads  to  a  great  enhancement  of  the  electrical  conductivities 
of  the  materials. 

Table  I.  Electrical  Conductivities  and  Activation  Energies  for 
M(dB-TAA) Ix 


Compound 

o,  ohm“^cm“1(R.T.) 

AE,  eV 

Cu(dB-TAA) 

Ni(dB-TAA) 

Co (dB-TAA) 

Pb( dB-TAA) 

Pt (dB-TAA) 

<10~8 

<10“8 

<10~8 

«v!°-9 

-vlO-8 

Pd (dB-TAA )I2  oi 

0.4 

0.04-0.06 

Pt (dB-TAA) Ii' 35 

0.12 

0.06-0.12 

Pt  (dB-TAA) I1>5Q 

0.03 

Magnetic  Susceptibility  Measurements.  -  Magnetic  susceptibi¬ 
lity  data  were  collected  using  a  Princeton  Applied  Research 
Model  155  vibrating  sample  magnetometer  CVSM) .  The  vibrating  sam¬ 
ple  magnetometer  was  operated  from  zero-field  to  10  kOe.  The  ySM 
magnet  (Magnion  H-96) ,  power  supply (Magnion  HSR-1365)  and  associ¬ 
ated  field  control  unit  (Magnion  FFC-4  with  a  Rawson-Lush  model  920 
MCM  rotating-coil  gauss  meter)  were  calibrated  against  NMR  resonan¬ 
ces  (Ml  and  -M.i)  over  the  field  range  0.35  -  10  KOe  and  found  to  be 
linear  to  within  better  than  1%  over  the  entire  range.  The  field 
set  accuracy  is  within  >0.3%  at  300  gauss  and  better  than  0.15%  at 
10,000  gauss.  The  magnetometer  was  calibrated  with  HgCo^CS)^.^ 
Powdered  samples  of  the  calibrant  and  compounds  used  in  this  study 


were  contained  in  precision  milled  Lucite  sample  holders.  Approxi¬ 
mately  150  mg.  of  each  were  used.  Diamagnetic  corrections  for  the 
constituent  atoms  were  estimated  from  Pascal's  constants. 

Other  Physical  Measurements.  -  Electron  paramagnetic  reso¬ 
nance  spectra  were  obtained  by  use  of  a  Varian  E-3  spectrometer. 
Infrared  spectra  of  samples  contained  in  KBr  pellets  were  recorded 
on  a  Beckman  IR  4250  spectrophotometer.  Electronic  spectra  in  the 
UV-visible  range  were  obtained  with  a  Cary  171  spectrophotometer 
on  solutions  of  the  compounds  in  CHCl^  or  Nujol  mulls  mounted  be¬ 
tween  quartz  plates.  Resonance  Raman  spectra  were  taken  on  micro¬ 
crystalline  samples  with  448  nm  excitation.  Elemental  analyses 
were  carried  out  by  Galbraith  Laboratories,  Inc.  of  Knoxville, 
Tennessee . 

X-Ray  Diffraction  Data  Collection.  -  Diffraction  data  were 
collected  on  an  Enraf-Nonius  CAD4  automatic  diffractometer  with 
molybdenum  radiation  and  a  graphite  monochromator.  Accurate  cell 
dimensions  were  obtained  by  least  square*  refinement  of  the  diffrac¬ 
tometer  angle  settings  for  25  reflections.  Procedures  for  the 
collection  of  intensities,  calculation  of  scan  widths,  and  back¬ 
ground  measurements  have  been  described  in  detail  elsewhere.  1 
There  were  3472  unique  reflections  for  the  monoclinic  crystal 
[ 6-Pd (dB-TAA) ]  described  below,  of  which  2361  had  F02  >  3o  (F02) . 
There  were  1658  unique  reflections  for  the  orthorhombic  crystal 
[y-Pd (dB-TAA) ]  of  which  1001  had  F02  >lo(F02 ) .  Three  dimensional 
Patterson  analyses  were  used  to  locate  the  metal  atoms,  and  the 
other  non-hydrogen  atoms  were  located  from  different  Fourier  maps. 
After  further  refinement  of  the  atomic  positions  most  of  the  hydro¬ 
gen  atoms  were  located  from  subsequent  Fourier  maps,  with  the  re¬ 
maining  hydrogen  positions  being  calculated.  Absorption  corrections 
were  made  on  the  data  for  both  crystals  and  refinement  at  conver¬ 
gence  yielded  final  values  of  R=  0.042  and  Rw=  0.048  for  the  mono¬ 
clinic  crystal  and  R=  0.044  and  Rw=  0.033  for  the  orthorhombic 
crystal.  Full  matrix  least  squares  refinement  was  based  on  F,  and 
the  function  minimized  was  E  w( |f0 |-|f0 |)2,  where  |fo|  and  |fc| 
are  the  observed  and  calculated  structure  factor  amplitudes  and 
w  *  [2F0/o(F)]2. 

RESULTS 

X-ray  crystallographic  studies  have  revealed  that  there  are  at 
least  three  crystalline  forms  of  Pd(dB-TAA) .*1  One  of  these,  de¬ 
signated  a-Pd(dB-TAA) ,  which  was  obtained  by  vacuum  sublimation  of 
the  crude  reaction  product  crystallizes  in  the  roonoclinic  system 
with  a  -  19.426(23),  b  »  5.292(7),  c  -  14.838(3),  and  8  -  112.32(8). 
Based  on  the  similarity  In  the  structural  data  for  a-Pd(dB-TAA)  and 
Ni (dB-TAA)  which  is  summarized  in  Table  II,  it  is  reasonable  to 
conclude  that  the  two  compounds  are  isostructural,  with  planar  a- 
l'd(dii-TAA)  molecules  stacking  in  a  slipped  fashion. 


A 


A  second  crystalline  form  of  the  palladium  compound,  B-Pd(dB- 
TAA),  was  obtained  from  the  batch  of  crystals  which  yielded  a-Pd- 
(dB-TAA) .  The  structure 


Table  II  Unit  Cell  Data  for  Ni(dB-TAA)  and  a-Pd(dB-TAA) 


Compound 

• 

a,  A 

b. ; 

• 

c,  A 

0.  deg 

Ni(dB-TAA)3 

19.456(4) 

5.228(1) 

14.868(3) 

112.28(1) 

a- Pd (dB-TAA) b 

19.426(23) 

5.292(7) 

14.838(3) 

112.32(8) 

Reference  4. 


bReference  11. 

of  Pd(dB-TAA)  has  now  been  solved  by  X-ray  crystallography.  A 
view  of  a  single  molecular  unit  is  given  in  Figure  1,  and  some  im¬ 
portant  molecular  dimensions  are  given  in  Table  III.  The  material 
crystallizes  in  the  monoclinic  system,  space  group  P21/c  with  four 
molecules  in  a  unit  cell  of  dimensions  a  -  8.974(8),  b  -  10.985(10), 
SL  °  14.617(10),  and  g  *  95.14(9).  Although  all  atoms  sit  on  gene¬ 
ral  positions,  the  molecule  is  very  nearly  planar,  with  the  largest 
deviation  from  the  best0least  squares  plane  for  all  non-hydrogen 
atoms  being  0.047(.010)A  for  an  apical  carbon  (Cll)  of  one  of  the 
propane-1, 2-g limlna to  exocyclic  rings.  The  palladium  atom  lies  at 
-0.035( .001)A  with  respect  to  this  plang.  In  a  similar  calculation, 
the  palladium  atom  sits  at  -0.016( .001) A  from  the  best  least  squares 
plane  formed  by  the  four  nitrogen  donor  atoms. 

As  shown  in  Figure  2,  the  packing  of  the  molecules  in  the 
solid  state  is  distinctly  different  from  that  exhibted  by  the  nic¬ 
kel  analogue.  Instead  of  the  slipped  molecular  stacking  as  occurs 
in  Ni(dB-TAA),  the  molecule?;  of  g-Pd(dB-TAA)  are  arranged  in  pairs. 
The  shortest  palladium-palladium  distance  is  4.382(1)A,  with  the 
next  shortest  distance  between  palladium  atoms  in  adjacent  pairs 
being  6.643  A.  The  closest  contact  of  the  palladium  ion  with  an 
adjacent  molecule  of  a  given  pair  is  to  C9  with  Pd-Cg'  being  3.432- 
(4)  A.  0|her  close  contacts  are  Pd-N2'  of  4.178(4)  A  and  Pd-N3'  of 
3.645(4)  A.  The  Pd-C9’-Pd'  angle  is  88.02(11)°. 


Figure  l.  A  view  of  the  structure  of  Pd(dB-TAA). 


Tjie  average  bond  distance  in  the  C4-C9  benzenoid  ring  is 
1.390  A,  and  the  average  angle  in  the  ring  is  120.0°.  The  com¬ 
parable  average  bond  distance  and  angle  in  the  C13-C18  ring  is 
1.397  A  and  120.0°.  The  internuclear  distances  between  the  nitro¬ 
gen  donor  atoms  in  the  coordination  plane  are 

N1-N2  2.915(5)  A 

N1-N4  2.609(5)  $ 

N2-N3  2.605(5)  £ 

N3-N4  2.938(5)  A 

In  an  attempt  to  find  an  adequate  crystal  for  a  crystallo¬ 
graphic  study  of  o-Pd(dB-TAA) »  a  third  crystalline  form  of  pd(dB- 
TAA)  was  found.  This  third  form,  y-Pd(dB-TAA) ,  crystallizes  in  the 
orthorhombic  system,  space  group  Pn2ia  with  the  cell  dimensions  a  = 
14.793(3),  b  -  18.001(6),  and  a  -  5.291(3)  k,  and  Z  -  4.  The 
gross  features  of  the  structure  of  y-Pd(dB-TAA)  are  similar  to 
ttiose  of  B-Pd(dB-TAA) ,  and  the  corresponding  bond  distances  and 
angles  are  compared  with  those  of  B-Pd(dB-TAA)  in  Table  III,  where 
the  atom  numbering  scheme  given  in  Figure  1  is  used.  The  estimated 
standard  deviations  for  the  bond  distances  and  bond  angles  are 
somewhat  larger  than  we  usually  require,  but  the  number  of  data 


Table  III.  Selected  Bond  Distances  and  Angles  for  B-Pd (dB-TAA) 
and  y-Pd (dB-TAA) 


Bond  Lengths,  8-Pd (dB-TAA  Bond  Lengths,  Y-Pd (dB-TAA) 


Pd-Nl 

1.959(3) 

1.925(10) 

Pd-N2 

1.949(4) 

1.935(15) 

Pd-N3 

1.967(3) 

2.011(11) 

Pd-N4 

1.962(4) 

1.984(15) 

Nl-Cl 

1.323(5) 

1.280(16) 

N1-C18 

1.422(6) 

1.445(14) 

C1-C2 

1.384(6) 

1.498(19) 

C2-C3 

1.385(6) 

1.424(18) 

N2-C3 

1.328(5) 

1.366(21) 

N2-C4 

1.430(5) 

1.437(29) 

N3-C9 

1.418(6) 

1.386(15) 

N3-C10 

1.318(5) 

1.405(19) 

C10-C11 

1.390(7) 

1.250(20) 

C11-C12 

1.397(7) 

1.404(16) 

N4-C12 

1.309(5) 

1.295(22) 

N4-C13 

1.415(5) 

1.376(29) 

Bond  Angles,  8-Pd(di5-TAA) 

Bond  Angles,  Y-Pd (dB-TAA) 

Nl-Pd-N2 

96.41(15) 

97 .59( .69) 

N2-Pd-N3 

83.37(15) 

81.41(.71) 

N3-Pd-N4 

96.80(15) 

96 .66( .79) 

N4-Pd-Nl 

83.41(15) 

84. 31 (.80) 

Pd-Nl -Cl 

122.23(32) 

127 .80( .99) 

Pd-Nt-C18 

113.53(28) 

113.12( .78) 

Pd-N2-C3 

122.99(32) 

121.86(1.30) 

Pd-N2-C4 

113.21(28) 

115.30(1.35) 

Pd-N3-C9 

113.46(28) 

112 ,19( .82) 

Pd-N3-CL0 

121.71(32) 

115.84( .98) 

Pd-N4-C12 

122.80(32) 

121.44(1.63) 

Pd-N4-C13 

113.36(29) 

112.68(1.32) 

CI-C2-C3 

128.21(44) 

126.63(1.01) 

Cl  0-C1 1-C1.2  128.61(43) 

126.91(1.34) 

Figure  6.  A  projection  of  a  segemenb  of  the  structure  of 

y-Pd(dfi-TAA)  on  the  ac  plane  which  shows  the  stacking 
arrangement  of  the  molecular  units  and  the  relative 
orientation  of  the  chains. 

As  shown  in  Figure  3,  the  molecular  units  in  y-Pd(dB-TAA) 
stack  to  form  chains  which  are  intimately  packed  in  the  solid 
state.  Some  close  contacts  between  a  given  molecule  and  one 
related  by  one  translation  unit  along  the  Z  axis  (designated  by 
primes)  are 

Pd-C2'  3.797(14)  |  N1-N4 “  3.899(17) 

Pd-C3 '  3.541(11)  |  N1-C2'  3.811(12) 

Pd-Cll'  3.804(16)  A  N1-C12 '  3.835(15) 

P.1-C12*  3.537(11)  A  N1-C13'  3.756(16) 

N1-C14  3.473(15) 

The  C^-Pd-C^'  angle  is  97. 20 (.3)°.  These  distances  emphazise  the 
slipped  nature  of  the  stacking  arrangement,  which  may  arise  from 
enlianccd  van  der  Waals  attractive  forces  permitted  by  the  stacking 
pattern.  Molecvjlar  orbital  calculations  which  are  underway  on  one 
pair  of  molecules  with  the  geometry  exhibited  by  B-Pd(dB-TAA)  and 
a  second  pair  with  the  geometry  in  y-Pd(dB-TAA)  are  underway  and 
the  results  may  lead  to  an  explanation  for  the  observed  packing 


arrangements. 


DISCUSSION 


The  observation  of  three  crystalline  forms  of  the  precursor 
compound  Pd(dB-TAA)  is  extremely  interesting  since  all  three 
crystals  came  from  the  same  batch  of  material  that  had  been 
purified  by  vacuum  sublimation.  One  may  conclude  that  the  dif¬ 
ferent  crystal  forms  resulted  from  crystal  growth  along  the  thermal 
gradient  of  the  cold  finger  in  the  sublimation  apparatus. 


The  oxidation  of  Pd(dB-TAA)  with  iodine  in  refluxing  chloro¬ 
benzene  yielded  a  black  solid  with  stoichiometry  Pd(dB-TAA)l9oi* 
The  resonance  Raman  exhibited  a  strong  absorption  at  105  cm_l  with 
an  overtone  at  212  cm-^.  The  105  cm“^  absorption  band  has  been 
identified  as  being  characteristic  of  the  totally  symmetric  1-1-1 
stretching  motion.  ^  This  observation  provides  evidence  for  the 
formulation  Pd(dB-TAA) (13)0. 67" 


The  electrical  conductivity  of  the  precursor  compound  Pd(dB- 
TAA)  is  less  than  10“^  ohm'-1  cm-  .  Upon  iodination  there  is  a 
dramatic  increase  in  conductivity  with  the  conductivity  of  the 
partially  oxidized  product  being  0.4  ohm-1  cm-  . 


The  EPR  spectrum  of  Pd(dB-TAA) 12 .01  shows  a  broad  singlet  at 
g=  2.004,  and  magnetic  susceptibility  measurements  confirms  the 
near  diamagnetism  expected  for  the  band-like  electronic  structure. 
As  expected  the  bands  in  the  infrared  spectrum  of  the  partially 
oxidized  material  are  obscured. 

The  electronic  spectrum  of  Pd(dB-TAA)  in  CHCl-^  differs  from 
that  of  a  Nujol  mull  of  a  sample  of  the  material  in  that  the 
lowest  energy  band  (at  506  nm)  is  not  present  in  the  solution 
spectrum.  This  band  is  likely  a  result  of  the  stacking  arrange¬ 
ment  in  the  solid  state.  There  is  an  absorption  band  at  410  nm 
in  Pd(dB-TAA)  which  is  unaffected  by  iodination.  This  band  is 
tentatively  assigned  to  a  metal-ligand  charge  transfer  transition  , 
but  the  assignment  can  be  made  more  definite  once  the  molecular 
orbital  calculations  are  completed.  An  absorption  due  to  the 
polyiodide  could  not  be  made  with  certainty. 


Depending  on  the  length  of  the  reaction  time,  oxidation  of 
Pt(dB-TAA)  with  iodine  in  near  boiling  1,2,3-trichlorobenzene  re¬ 
sulted  in  two  complexes  with  different  iodine  contents.  After  18 
hours  a  material  with  the  composition  Pt(dB-TAA)I^  35  Was  obtained, 
while  extending  the  reaction  time  to  24  hours  afforde-'  a  material, 
with  a  higher  iodine  content,  that  being  Pt(dB-TAA)I^  Since 
the  resonance  Raman  of  this  latter  material  shows  ub.w.ptiun  bauds 


at  114  cm-^  and  174  cm-1,  it  is  most  reasonable  to  conclude  that 
the  polyiodide  is  a  highly  distorted  13“  or  15“  moiety. ^ 


lodination  of  Pt(dB-TAA)  leads  to  a  great  increase  in  the 
electrical  conductivity.  Of  the  two  samples,  the  one  with  the 
lower  iodine  content  exhibited  the  higher  conductivity  at  room 
temperature.  The  electrical  conductivity  of  PtfdB-TAA)!^  33  is 
0.12  ohm-^  cm-,  (pressed  pellet)  while  that  of  Pt(dB-TAA)ii  5  is 
0.03  ohm-1  cm-1. 


The  room  temperature  EPR  spectra  of  the  iodinated  platinum 
samples  consisted  of  one  broad  band,  respectively,  at  g-  2.003, 
and  magnetic  susceptibility  measurements  on  Pt(dB-TAA)l3  33 
demonstrated  that  the  material  was  nearly  diamagnetic,  as  expected. 


As  in  the  case  of  Pd(dB-TAA),  the  low  energy  transition  at 
560  nm  in  the  Nujol  mull  spectrum  of  Pt(dB-TAA)  is  the  characteris¬ 
tic  feature  of  the  stacked  structure  in  the  solid  state.  This 
transition  is  either  shifted  to  625  nm  upon  lodination,  or  a  new 
band  appears  in  the  Nujol  spectrum.  A  strong  absorption  band  at 
about  410  nm  is  unaffected  by  iodination.  The  spectrum  of  Pt(dB- 
TAA) Ii . 33  is  similar  to  that  of  Pt(dB-TAA)l35,  with  the  exception 
that  a  strong  band  appears  in  the  spectrum  of  PtCdB-TAA)!^  33  at 
about  720  nm.  This  latter  band  may  be  due  to  the  polyiodide,  but 
the  resonance  Raman  spectrum  of  PtCdB-TAA)^  33  is  unavailable  at 
this  present  time,  and  a  conclusion  must  await  the  completion  of 
the  experimental  work. 


CONCLUDING  REMARKS 


Since  it  is  well  known  that  electrical  conductivities  of 
pressed  pellets  are  considerably  smaller  than  the  intrinsic  con¬ 
ductivities  of  the  materials  because  of  contributions  to  the 
resistivity  from  inter part icle  contact  resistances  and  because  of 
the  inherent  anisotropy  of  low-dimensional  systems,  there  is  con¬ 
siderable  stimulation  for  continued  efforts  to  obtain  single 
crystal  samples  M(dB-TAA)Ix.  It  is  likely  that  such  single  cry¬ 
stals  will  exhibit  metal-like  conductivities  i.e.  dcf/dT<0,  since 
the  conductivities  and  activation  energies  of  pressed  pellet  sam¬ 
ples  of  these  materials  are  comparable  to  those  observed  for  Ni 
(phthalocyanino) (13)0.3,  a  substance  known  to  exhibit  metal-like 
conductivity.^^ 

The  relatively  long  palladium-palladium  distances  in  the  stacked 
and  dimeric  forms  of  Fd(dB-TAA)  leads  to  the  conclusion  that  metal- 
metal  interactions  do  not  contribute  significantly  to  any  band 
formation,  and  that  intermolecular  interactions  occur  between  the 
11-orbitals  of  partially  oxidized  macrocyclic  complexes. 
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